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• NASA High-Z and E Transport (HZETRN) code calculates the 
average flux and dose of particles behind spacecraft and tissue 
shielding.
• Monte-Carlo transport codes (GEANT, FLUKA, etc.) are 
cumbersome and not used for biophysics applications.
• An event refers to the correlated energy depositions in time and 
space of cosmic ray interactions with cells controlled by the tissue 
matrix (environment).
- Time-dependent transport codes are needed due to cell & 
tissue signaling activation and relaxation times:  
• Biological steady-state is altered by proton hits pre-, 
during, or post- HZE events.
- Transport code must describe temporal and micro-spatial 
density of functions to correlate DNA and oxidative damage 
with non-targeted effects (signals, bystander, or other). 
Biological Process Relaxation Time
‐ Multiple events by GCR and SPEs for given process ‐
Relaxation Times 3-24 hrsDNA repair/ATM
Cucinotta et al., Biochemical Kinetics of DSB Repair and Induction of -H2AX Foci by Non-homologous End Joining, 
Rad. Res., 169, 214-222, 2008 4
Biological Process Relaxation Time
‐ Multiple events by GCR and SPEs for given process ‐
Relaxation TimesTGF-SMAD 1-5 days
Figure 1. Schematic representation of Smad dependent TGF‐β signaling pathway.
Zi Z, Klipp E (2007) Constraint-Based Modeling and Kinetic Analysis of the Smad Dependent TGF-β Signaling Pathway. 







































ZP, AP, P (inc )
ZT, AT





(n, p, and cluster knock-out)
Ablation = pre-fragment decay
(n, p, d, t, h, alphas de-excitation)
Coalescence = p and n knockout 










































































Cucinotta FA et al., Radiation Protection Dosimetry, 143, 384-390, 2011,
11
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Cucinotta FA et al., Radiation Protection Dosimetry, 143, 384-390, 2011
Thick Target Comparison with NASA’s
GERMcode
Iron (1 GeV/u) on Polyethylene
Fragment Charge, Z

















































































- Probability of hits
































































- Probability of hits




























































Charge number, Z  1 – 28  1 – 28 
Mass number, A  1 – 58  1 – 58 
Beam energy, 
MeV/u 





























































Ion Types in GERMcode with Default Nuclei Highlighted



















2 10 18 23 29 33 39 47 53
3 11 19 24 30 34 40 48 54
He
3 12 20 25 31 35 41 49 55
4 13 21 26 32 36 42 50 56




18 28 34 38 44 52
Co
55









30 40 46 49 57








7 14 22 26 32 35 42 51 57
9 15 23 27 33 36 43 52 58
10 16 24 28 34 37 44 53
11 17
Na
20 29 35 38 45 54
B





14 22 31 37 40 47 51
10 15 23
Si
26 38 41 48 52
11 16 24 27 42
Ti
43 53
12 17 25 28
K
36 44 54
13 18 26 29 37 45 55
19 27 30 38 46







Physical and Biophysical Properties of 
Mono-energetic Beams




Mouse tumor model 
2Probability of hits for Poisson distribution of ion hits
3DNA volume of d x l cylinder volume in nm:  
DNA segment (2 x 2); 
Nucleosome (10 x 5 for 160 BP);












































Biophysical and Radiobiology Properties of NSRL Beam 
Transport 










Depth‐dose (Z,A,E) Material (Z,A,E) Material (Z,A,E)Tissue
Charge 













1Biological damage using Katz model:
Cell survival; 
Chromosomal aberration; 
Cell mutation;  

















































1H 50 ‐ 2500 6.4 x 1011 1.26 ‐ 0.21
4He 50 ‐ 1000 0.88 x 1010 5.01 ‐ 0.89
12C 65 ‐ 1000 1.2 x 1010 36.79 ‐ 8.01
16O 50 ‐ 1000 0.4 x 1010 80.5 ‐ 14.24
20Ne 70 ‐ 1000 0.1 x 1010 96.42 ‐ 22.25
28Si 93 ‐ 1000 0.3 x 1010 151 ‐ 44
35Cl 500 ‐ 1000 0.2 x 1010 80 ‐ 64
40Ar 350 0.02 x 101 105.8
48Ti 150 ‐ 1000 0.08 x 1010 265 ‐ 108
56Fe 50 ‐ 1000 0.2 x 1010 832 ‐ 150
84Kr 383 403
131Xe 228 1204
181Ta 292 ‐ 313 1827 ‐ 1896
197Au 76 ‐ 165 1 x 107 4828 ‐ 3066
Sequential Field (Fe/H) 1000 Various 150/0.2













































































































































LET and Range curves of 28Si beam on aluminum shielding as a 
function of kinetic energy of the beam. 
Option for Mono Energetic Beam
35
Nuclear Extinction:   The mean free path and the probability of 
nuclear interaction at 1 g/cm2 and 5 g/cm2 of 28Si beam on 
aluminum shielding as a function of kinetic energy of the beam.
Option for Mono Energetic Beam
36
Radial Dose:  The evaluation of radial dose of ionization, excitation and 
total as a function of radial distance from the exposure to 600 MeV/u 28Si 
beam on the tissue equivalent material.
Option for Mono Energetic Beam
37
Biological Damage:  Cell survival responses as a function of the dose 
using 600 MeV/u 28Si beam or -rays on the tissue equivalent material.
Option for Mono Energetic Beam
38
Probability of Hits:  The Poisson distribution of probability of hits from the exposure to 1 Gy
using 600 MeV/u 28Si beam in the cell area of 100 m2.  Displayed figure is the probability of 
hits per cell in the track core only, ignoring -rays.  The mean hits per cell for LET 
approximations with and without -rays are stated in the text of the output window. 
Option for Mono Energetic Beam
39
Energy Deposition in DNA Volume: The frequency distributions of energy imparted per DNA volume of 
nucleosome from the exposure to 1 Gy using 600 MeV/u 28Si beam.  The nucleosome (160 Base-pairs) 
volume is assumed as a cylinder in the dimension of 10 nm (diameter)  5 nm (length).
• the direct interactions of primary ions (ion events) with the target 
• the 100 keV electrons (-ray events) produced about an ion’s path
Option for Mono Energetic Beam
40
Depth Dose for Fixed Depth:  Normalized depth-dose evaluation using 600 MeV/u 28Si 
beam on water for primaries, fragments, and total at 10 depths of water in the NSRL beam 
line.  The last column shows the fluence-based average LET at each depths.
Option for Beam Transport
41
Bragg Curve:  Normalized dose of 600 MeV/u 28Si beam for primaries, fragments, and 
the total as a function of depth of water in the NSRL beam line.  Variations of the 
normalized doses and the fluence-based average LET with water depths are displayed in 
the inset, as cursor moves along the graph. 
Option for Beam Transport
42
Charge Distribution:  Cumulative spectrum of fragments from exposure to 600 MeV/u 28Si 
beam transported through the water.  
Various number of sets are available in the drop-down menu for the shielding depths by 
selecting “For Fixed Depth”, “For Bragg Curve”, or “For Biological Model” . 
Option for Beam Transport
43
Multiplicity of Events:  Multiplicity of -particles in heavy ion fragmentation event at the depth of ~21 g/cm2
of water from exposure to 600 MeV/u 28Si beam.   Drop-down menus of “Depth” and “Ion” are available for 
the selection of depth and the particle type of  neutron, proton, or .  Also, energy distribution of heavy ion 
event is displayed by selecting “HI Event” from the drop-down menu of “Ion”.
Option for Beam Transport
44
Multiplicity of Events:  Downgraded energy distribution of particles produced from heavy 
ion events at the depth of ~21 g/cm2 of water from exposure to 600 MeV/u 28Si beam is 
displayed by selecting “HI Event” from the drop-down menu of “Ion”.
Option for Beam Transport
45
Biological Damage:  Harderian gland tumor prevalence curve at the depth of ~6 
g/cm2 of tissue equivalent material as a function of the dose using 600 MeV/u 28Si 
beam or -rays.
Option for Beam Transport
46
Opening of “File” tab in the main toolbar.  Detailed information about GERMcode
can be accessed from the menu listed in the left panel of the window.  From the 
menu of “Papers”, the published papers can be accessed for the reference to 
GERMcode.
Reference Papers from File Menu in the Main Tool Bar
